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COMPLETE SPECIFICATION 

Improvements in and relating to Pigmented Compositions 

Polyvinyl alchohol is a very powerful pig- 
ment binder. This means that a relatively small 45 
amount of polyvinyl alcohol is required to ob- 
tain a coating that has adequaate strength to 
be commercially useable. Since the amount of 
polyvinyl alcohol required is small, coatings 
can be prepared which have excellent optical 50 
properties. Coatings containing 3 — 4 parts by 
weight of polyvinyl alcohol per 100 parts of 
pigment are equivalent in strength and are 
considerably superior in optical properties to 
coatings containing 18 parts of starch. Further- 55 
more, since less polyvinyl alcohol is needed 
than is required of other types of common 
binders, it is possible to make a much lighter 
weight coated paper with polyvinyl alcohol 
than with starch (for example). 60 

In spite of the fact that polyvinyl alcohol 
is a superior pigment binder in some respects, 
polyvinyl alcohol has heretofore been entirely 
unsatisfactory as a papercoaring pigment 
binder because of certain deleterious charac- 65 
terisrics. Many attempts have been made to 
apply aqueous polyvinyl alcohol-pigment 
coating colors to paper or paperboard with 
various types of coating equipment including 
the roll coater such as described in U.S.P. 70 
1,921,369, the trailing blade coater such as 
described in U.S.P. 2,358,176 and the offset 
gravure coater, the size press and the trailing 
blade coater which are described by G. L. 
Booth in TAPPI, Vol. 39, December, 1956, 75 
pp 846-850, and other coaters used in the 
art. These attempts have been unsuccessful 
because of the production of a severe pattern 
in the coating as k transfers from the coater 
to the paper. This results in a coating which 80 
is rough or streaked. These defects are not 
smoothed appreciably by super-calendering. 
The severe pattern makes it impossible to ob- 
tain a satisfactory printing job over these poly- 
vinyl aflcohol-pigment coatings. Furthermore, 85 
the coatings are not attractive if used simply 



We, E. I. Du Pont de Nemours and 
Company, a corporation organized and exist- 
ing under the laws of the State of Delaware, 
located at Wilmington, State of Delaware, 
5 United States of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
10 ment: — 

This invention relates to pigmented com- 
positions that -are suitable for use as paper- 
coatings and adhesives. 
Pigmented papercoating compositions (com- 
15 monly referred to in the art as "coating 
colors") are applied to paper and paperboard 
for several reasons : for example, to provide a 
smooth and ink receptive surface for printing, 
to obtain decorative effects and to reduce the 
20 roughness and non-uniformity of the paper 
surface. Clays are most widely used com- 
mercially as the pigment but substantial 
amounts of other pigments such as calcium 
carbonate and titanium dioxide -are also used. 
25 The pigment binders most commonly used 
heretofore include starch, casein or alpha pro- 
tein, styrene-butadiene polymer, acrylic resins 
and polyvinyl acetate. 

The optical properties of coated paper 
30 depend to a large extent on the amount (but 
not the type) of binder. . As the amount of 
binder is reduced, the optical properties such 
as opacity, brightness and gloss are improved. 
In general, it is desirable to apply the coat- 
35 ings with the minimum binder content. How- 
ever, as the amount of binder is reduced, the 
strength of the coating and the bond between 
the coating and the substrate is also reduced. 
There is a m ini m um binder content below 
40 which the coating is not strong enough to be 
useable. The binders commonly used hereto- 
fore are normally employed in amounts of 
12 to 20 parts binder per 100 parts of pigment. 
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as decorative coatings. Thus it will be readily 
recognized that the development of a com- 
mercially acceptable polyvinyl alcohol-pigment 
coating color would represent a significant 

5. contribution to the paper coating art. 

While polyvinyl alcohol-pigment composi- 
tions have not heretofore provided commer- 
cially acceptable papercoatings, various for- 
mulations based on polyvinyl alcohol and clay 

10 have been successfully used to some extent as 
adhesives. U.S.P. 2,487,448 discloses 
adhesive compositions consisting of 50 — 70% 
kaolinitic nonalkaline clay and as a binder 
therefore, 15—25% by weight of polyvinyl 

15 alcohol, and 15-r-25% of unswollen starch. 
Such compositions are representative of what 
has been used widely in the industry to manu- 
facture laminated paper and paperboard having 
excellent dry bond strength which do not lose 

20 dry bond strength after soaking in water. 
Because of the high viscosity of these com- 
positions when dissolved in water, these ad- 
hesives are generally applied from an aqueous 
solution at a solids content in the range of 

23 20—25% by weight. 

For many applications such an adhesive 
composition is completely adequate. However, 
in some laminating operations, the high water 
content in a 20 — 25% solids content adhesive 

30 composition causes the laminate to curl and 
warp during the drying process. In order to 
minimize curling and warping, it is necessary 
to use a relatively high solids content adhesive, 
Le., about 35 — 50% solids content. The high 

35 viscosity of a polyvinyl alcohol-starch-clay ad- 
hesive in water prohibits increasing the solids 
content thereof to the required 35 — 50% 
level. 

The viscosity of adhesive compositions at 

40 a given solids concentration is due principally 
to the type and amount of binder (e.g. poly- 
vinyl alcohol and starch). By increasing the 
ratio of clay to binder it is possible to increase 
the solids content while maintaining an oper- 

45 able viscosity. If the binder content is 
reduced, however, it is necessary to 
use a strong binder in order to main- 
tain . . laminate strength. Because poly- 
vinyl alcohol is known to be a strong 

50 binder, it would, seem logical to prepare an 
adhesive composition wherein polyvinyl 
alcohol is the sole binder used. However, while 
a composition consisting of 100 parts by 
weight of clay and 8 parts by weight of poly- 

55 vinyl alcohol in a 40 — 45% solids content 
aqueous solution (for example) has an operable 
viscosity, such a formulation lacks tack and 
will not form a bond. . Obviously then, there 
has heretofore existed a need for a relatively 

60 high-solids content polyvinyl alcohol adhesive 
composition capable of forming a strong lami- 
nate bond but which will not cause curling 
and warping of a laminate structure. 

An object of this invention is to provide 

65 improved papercoating and adhesive composi- 



tions. A further object is to provide an im- 
proved papercoating composition which can 
be applied to paper and paper-coating to pro- 
duce a smooth, pattern-free coating. A still 
further object is to provide a paper substrate 70 
having an improved papercoating composition 
coated thereon. Another object is to provide 
an improved adhesive composition which can 
be applied from a relatively high solids con- 
tent aqueous solution. Still another object is 75 
to provide a laminated article comprising at 
least two paper substrates adhered together by 
an improved adhesive composition. 

According to the present invention there is 
provided composition comprising 100 parts by 80 
weight of pigment 1 — 15 parts by weight of 
water-soluble polyvinyl alcohol and 0.1-4 parts 
by weight of a water-soluble modifier selected 
from the group consisting of sodium carboxy- 
methylcellulose, hydroxyethylcellulose, methyl- 85 
cellulose, sodium polyacrylate, and sodium 
alginate. As used hereinafter, for brevity the 
term "water-soluble modifier' or simply 
"modifier" refers to the aforementioned group 
consisting of sodium carboxymethylcellulose, 90 
hydroxyethylcellulose, methylcellulose, sodium 
polyacrylate and sodium alginate. 

When the compositions of this invention are 
used as papercoatings they usually comprise 
100 parts by weight of pigment, 1 — 12 parts 95 
by weight of water-soluble polyvinyl alcohol 
and 0.1 — \ parts by weight of modifier. 
When the compositions of this invention are 
used primarily as adhesives they usually com- 
prise 100 parts by weight of clay, 3 — 15 parts 100 
by weight- of water-soluble polyvinyl alcohol 
and 0.1—4 parts by weight of modifier. 

Excellent papercoatings may be prepared 
which contain 1 — 12 parts by weight of poly- 
vinyl alcohol per 100 parts by pigment, al- 105 
though it is generally preferable to use 2 — $ 
parts of polyvinyl alcohol per 100 parts of 
pigment. If less than 1 part of polyvinyl alcohol 
is used per 100 parts of pigment, there is in- 
sufficient binding of the pigment and pigment 110 
particles tend to break loose and dust off of a 
coated paper. Although as much as 15 parts 
of polyvinyl alcohol per 100 parts of pigment 
may be used, more than 12 parts of polyvinyl 
alcohol in some instances adversely effects the 115 
desired optical properties of paper-coatings ob- 
tained with the compositions of this invention. 

The ratio of polyvinyl alcohol to modifier 
is not critical but the ratio of modifier to pig- 
ment is somewhat critical. At least about 0.1 120 
parts of modifier per 100 parts of pigment is 
required to produce the improved coatings. 
Use of less than about 0.1 parts of modifier 
per 100 parts of pigment does not eliminate 
the resultant deleterious patterning when the 125 
coating composition is applied onto paper. 
The addition of modifier to these compositions 
increases the viscosity thereof. The maximum 
limit on the amount of modifier is determined 
primarily by the operable viscosity limits of 130 
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the composition; that is, the maximum viscosity 
of a composition that can be applied by the 
particular coating equipment employed. For 
example, for application on the trailing blade, 

5 high viscosity coatings colors are often desir- 
able. In this case, the modifier might be used 
in amounts of 1.0 — 1.5 parts per 100 parts of 
pigment- However, for application on the air 
knife, low viscosity coating colors are required. 

10 In this case 0.5 parts or less of the modifier 
might be used. For most applications about 4 
parts of modifier per 100 parts of pigment is 
the operable maximum limit. The preferred 
amount of modifier for the most satisfactory 

15 results is about 0.2 — 3 parts per 100 parts of 
pigment 

Any grade of polyvinyl alcohol which is 
soluble in water can be used. The various 
grades of co mmerc ially available polyvinyl 

20 alcohol are commonly classified according to 
degree of hydrolysis and viscosity. Polyvinyl 
alcohol is produced by alcobolysis of polyvinyl 
acetate. The term "completely hydrolyzed 
polyvinyl alcohol" indicates that 99 — 100% 

25 of the acetate groups of the polyvinyl acetate 
have been replaced by hydroxyl groups. The 
term "partially hydrolyzed polyvinyl alcohol" 
indicates that about 50 — 99% of the acetate 
groups of the polyvinyl acetate have been re- 

30 placed by hydroxyl groups. As is commonly 
designated in the art, and as is used herein, 
high viscosity grade polyvinyl alcohol indicates 
a viscosity of from about 30 to 65 centipoises 
or higher, medium viscosity refers to about 20 

35 to 30 centipoises, and low viscosity refers to 
about 3 to 20 centipoises; the viscosity being 
determined by means of the Hoeppler falling 
ball method described in the Encyclopedia of 
Chemical Technology (Interscience Encyclo- 

40 peida Inc., New York) Vol. 14, p 773, using 
a 4% water solution at 25°C. 

The completely hydrolyzed, medium and 
high viscosity grades are preferred because they 
are the most effective binders. The partially 

45 hydrolyzed grades and the low viscosity, com- 
pletely hydrolyzed grades may also be used. 
However, they are less effective binders than 
the preferred grades, and consequently larger 
amounts of these grades must be used than is 

50 required for the preferred grades. 

Any grade of the modifier may be used 
which is soluble in water. Generally, it is most 
advantageous to use sodium carboxymethyl- 
cellulose. The various grades of sodium 

55 carboxymethylcellulose are commonly classi- 
fied according to degree of substitution and 
viscosity. Degree of substitution refers to the 
number of sodium carboxymethyl groups per 
anhydroglucose units in the cellulose structure. 

60 For example, a degree of substitution of 0.75 



indicates that there are 0.75 sodium carboxy- 
methyl groups per anhydroglucose unit. Com- 
pletely substituted sodium carboxy-methyl- 
cellulose contains 3 sodium carboxymethyl 
groups per anhydroglucose unit. As is com- 65 
monly designated in the art, and as is used 
herein, high viscosity sodium carboxymethyl- 
cellulose indicates a viscosity range of about 
1300 to 2200 centiposes in a 1% water solu- 
tion, medium viscosity refers to about 100 to 70 
600 centipoises in a 2% water solution, and 
low viscosity refers to less than about 100 
centipoises in a 2% water solution; the vis- 
cosity being determined at 25°C. by means 
of a Brookfield viscosimeter. 75 

The preferred grades of sodium carboxy- 
methylcellulose are the medium and high vis- 
cosity grades having a degree of substitution 
of about 0.65 — 0.85. The low viscosity grades 
of sodium carboxymethylcellulose having the 80 
same degree of substitution may also be used 
but higher concentrations are required to eli- 
minate patterning. Furthermore, other grades 
of sodium carboxymethylcellulose having 
different degrees of substitution may be used, 85 
provided the grade used is water soluble. 

Standard pigments known in the art which 
are suitable for use in coating colors may be 
used. Kaolin clay is generally preferred because 
of its desirable pigment characteristics and 90 
because it is relatively inexpensive. Other pig- 
ments such as calcium carbonate and titanium 
dioxide may aiso be used. In preparation of 
a coating color based on titanium dioxide it is 
usually preferred to select a grade of this pig- 95 
ment which is readily water-dispersibie. 

Three basic types of coating colors are com- 
monly used in the art. These are determined 
by the particular printing process to be used 
for printing on the coated paper such as \qq 
letterpress, offset lithography and rotogravure. 
Requirements for coatings to be printed by 
letterpress and rotogravure are quite similar. 
A typical example of an improved coating 
color of this invention suitable application onto 105 
paper for printing by letterpress or rotogravure 
is shown below. In this formulation and the 
other compositions shown hereinafter the term 
"PVA" is used as an abbreviation for poly- 
vinyl alcohol, md "CMC" is used as an abbre- hq 
viation for sodium carboxymethylcellulose. In 
these formulations, the indicated viscosity of 
the polyvinyl alcohol is centipoises (cp.) of a 
4% water solution at 20°C. determined by the 
Hoeppler falling ball method. Viscosity of the 115 
sodium carboxymethylcellulose is given in 
units of centipoises as determined by a Brook- 
field viscosimeter using the spindle size and 
speed indicated 
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Components Parts by Weight 

Kaolin Clay 100.0 

PVA (viscosity of 55—65 cp, 99—100% 

hydrolysis, and pH of 6— S) 2.6 

CMC (degree of substitution of 0.65—0.85, 
viscosity of 1300—2200 cp. in a 1% solution 

using a No. 3 spindle at 30 R.P.M.) 0.9 

Tetrasodium pyrophosphate 

(a dispersing agent) 0.35 

Water 104.0 



This coating color, formulated at about 50% lowing formulation is an example of an im- 5 
solids content in water, is suitable for applica- proved coating color suitable for application 
tion by trailing blade or roll coater. The fol- by an air-knife or size press : 



Components Parts by Weight 



Kaolin Clay 


100.0 


PVA (viscosity of 28—32 cp., 99—100% 
hydrolysis, and pH of 6—8) 




2.6 


CMC (degree of substitution of 0.64—0.85 




viscosity of 300 — 600 cp. in a 2% solution 




using a No. 2 spindle at 30 RJ?.M. 


0.9 


Tetrasodium pyrophosphate 


0.35 


Water 


155.8 



In the above composition, medium viscosity 
10 polyvinyl alcohol and sodium carboxymethyl- 
cellulose are used and this coating color is 
formulated at about 40% solids content in 
water to obtain the low viscosity required by 
the air-knife and size press coaters. 
15 Coatings which are to be printed by the 
offset process require some degree of wet- 
rub resistance and must be stronger than 



those used for letterpress or rotogravure. The 
wet-rub resistance is obtained by addition of 
an insolubilizer for the polyvinyl alcohol and 20 
modifier. The strength of the coating is in- 
creased by slightly increasing the amount of 
polyvinyl alcohol binder used. The following 
formulation is an example of a coating color 
suitable for offset printing. 25 
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Components 



Parts by Weight 



Kaolin Clay 100.0 

PVA (viscosity of 55—65 vp., 99—100% 

hydrolysis, and pH of 6 — 8) 7.0 

CMC (degree of substitution of 0.65—0.85, 
viscosity of 1300 — 2200 cp. in a 1% solution 

using a No. 3 spindle at 30 R.P.M.) 0.9 

Sodium hexametaphosphate 0.35 

Ammonium chloride (a catalyst to promote the 
reaction between the insolubilizer and the PVA 

and CMC) 0.35 

Bis-triazone resin* (an insolubilizer) 1.4 

Water 120.0 



* Prepared by reacting a diamine with urea and formaldehyde. 



This composition is formulated at about 
50% solids content in water and is suitable 
for application by trailing blade or roll coater. 

5 An offset coating suitable for application by 
air-knife or size press may be prepared by 
using medium viscosity grades, of polyvinyl 
alcohol and modifier in place of the grades 
of polyvinyl alcohol and modifier shown above. 

10 Other additives may be used in the formula- 
dons to provide specific effects. For example, 
it is often desirable to add a plasticizer to 
reduce the tendency of the coating to dust on 
the supercalender of the papercoating 

15 apparatus. Materials commonly used for this 
purpose include calcium stearate, ammonium 
stearate, mixtures of soap and stearates. Wax 
emulsions, tinting pigments and dyes also are 
often used in these coating colors. Any of 

20 these and other materials conventionally, used 
in papercoatings may be added to the polyvinyl 
alcohol coating color provided they do not 
precipitate or gel the polyvinyl alcohol or 
modifier and provided that they do not cause 

25 agglomeration of the pigment. 

These coating colors may be prepared by 
dissolving the polyvinyl alcohol and modifier 
in water, either together or separately. A high 
solids pigment dispersion is separately pre- 

30 pared and then mixed with the PVA modifier 
solution. This technique produces a com- 
pletely satisfactory coating color. However, it 
is preferred to make the colors by adding the 
dry polyvinyl alcohol and modifier directly 

35 to the pigment dispersion and then heating to 
dissolve the polyvinyl alcohol. This technique 
of cooking the polyvinyl alcohol in the pre- 
sence of the pigment substantially increases the 
binding power of the polyvinyl alcohol. This, 

40 in effect, means that less polyvinyl alcohol 



binder is required per hundred parts of pig- 
ment. Specifically, it is preferred to prepare 
the coating color as follows: 

1. The pigment is added to water (which 
preferably contains a dissolved suitable dis- 45 
persing agent) with agitation and the mixture 

is agitated until the pigment is completely 
dispersed. 

2. Dry polyvinyl alcohol and dry modifier 

are added to the pigment dispersion. Water 50 
is added, if necessary, to keep the mixture 
workable. 

3. The mixture is heated to 190°F. — 212°F. 
and held at this temperature, with good agita- 
tion, until the polyvinyl alcohol is dissolved. 55 
This normally requires 30—45 minutes. Any 
method of applying heat may be used, but it 

is often convenient to inject live steam directly 
into the mix. 

4. Other materials conventionally used in €0 
papercoatings are added to the mixture, if 
desired. These materials may be added while 

the color is still hot or may be added after 
cooling, depending on the specific additive. If 
an insolubilizer is added to promote wet-rub 65 
resistance, it is essential that the coating color 
be cooled to below about 130°F. before adding 
the insolubilizer. If the insolubilizer is added 
when the color is too hot, it may react pre- 
maturely and thus reduce the stability off the 70 
binding power of the polyvinyl alcohol. Water 
may be added to bring the coating color to 
the required solids content- 
Other methods for preparing the composi- 
tions of this invention will be apparent to 75 
those skilled in the art. 

It is quite surprising that the addition of 
one of the aforementioned modifiers to poly- 
vinyl alcohol-pigment papercoatings eliminates 
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10 



15 



20 



25 



30 



35 



40 



the patterning problem. All of the effective 
modifiers are often called "thickeners" since 
they increase the viscosity of aqueous solutions 
and dispersions. However, the benefits obtained 
by the discovered modifiers are not directly 
related to the thickening effect. Other materials 
such as natural or oxidized starch, which also 
are thickeners, do not elminiate the patterning 
when used in low concentrations with pig- 
ment. 

In addition, the benefits of the discovered 
modifiers are not apparent from the rheology 
of the coating compositions of this invention. 

Two methods can be used to demonstrate 
the benefits of the modifiers. First, and most 
reliable, is to actually apply the coating colors 
onto paper using commercial coaters or pilot 
coaters which simulate application of the coat- 
ing colors by the larger scale commercial 
coaters and thereafter evaluate the resulting 
coatings. Second, by a test procedure familiar 
to those skilled in the art, the IGT Print- 
abiiity Tester may be used to qualitatively 
evaluate these coatings. This apparatus con- 
sists of a rotatable sector to which a strip of 
the test paper or paperboard is fastened. A 
circular wheel or disk is arranged to rotate 
freely in contact with the test paper. The 
rotatable sector is driven by a spring or pen- 
dulum, and when released, rapidly accelerates. 
The coating color to be tested is applied to the 
entire circumference of the wheel by means of 
a small brush. The wheel is brought into con- 
tact with the sector which is then released and 
allowed to rotate. This applied the coating 
color to the test paper. Details of this apparatus 
and procedure are discussed by G. A. Hem- 
stock and J. W. Swanson in TAPPI, Vol 40, 
October 1957, pp. 794—801. 

After the coating color has been applied to 



the test paper or paperboard by the IGT 
apparatus, the applied coating is examined for 
the presence of pattern. If a pattern-free coat- 
ing is obtained, the coating color will produce 
a pattern-free coating on commercial equip- 
ment. If patterning is evident on the test strip, 
the coating color will produce patterning when 
applied by commercial equipment. 

The following examples further illustrate the 
preferred papercoating colors of this inven- 
tion. In all of the examples presented herein, 
the polyvinyl alcohols and modifiers used were 
commercially obtained products. The viscosi- 
ties and other specifications of these materials 
indicated are those specified by the manu- 
facturers. The viscosities of the polyvinyl 
alcohols are specified in centipoises (cp.) of a 
4% water solution at 20°C determined by 
the Hoeppler falling ball method. The viscosi- 
ties of the modifiers are specified in centi- 
poises determined by a Brookfield viscosimeter 
(unless otherwise stated) at 25°C. using the 
spindle size and speed of rotation indicated. 

In Examples 1 to 4 shown in Table I, the 
coating colors were prepared according to the 
procedure outlined above using kaolin clay 
pigment, polyvinyl alcohol ("PVA") and a 
sodium carboxym ethylcellulose modifier 
("CMC'*). These colors were applied to paper 
on the commercial papercoating equipment 
indicated. Coated paper samples were then 
examined for pattern in the coatings. In the 
examples shown in Table I and the other 
tables which follow, a coating with a pattern 
indicated as "slight" or "none" is considered 
as being commercially acceptable, while a 
"heavy" or "severe" pattern is considered to 
be unacceptable. Example 5 listed in Table I 
shows the results obtained with a coating color 
which does not contain a modifier. 



Table I 



45 



50 



55 



60 



65 



70 



75 



80 



Example 
No. 


Amount of PVA a 
(Parts/100 Parts 
of Clay) 


Amount of CMC 
(Parts/100 Parts 
of Clay) 


Percent 
SoHds 


Coater 
Type 


Coating 
Rate of 
Speed, 
ft /minute 


Pattern i 


1 


2.7 


0.55* 


44 


Trailing 
blade 


2200 


None 


2 


2.7 


0.55* 


54 


do. 


2900 


None 


3 


2.9 


0.9* 


45 


do. 


2200 


None 


4 


4.5 


1.5° 


35 


Size 
Press 


800 


Slight 
to None 


5 


4.0 


None 


45 


do. 


500 


Severe 



a Specified viscosity of 28—32 cp., 99—100% hydrolysis, and pH of 6—8. 

b Specified degree of substitution of 0.65 — 0.85 and a viscosity of 1300 — 2200 using a No. 3 spindle at 
30 R.P.AL 

c Specified degree of substitution of 0.65 — 0.85 and a viscosity of 25 — 50 cp. using a No. 1 spindle at 
60 RJ?JvL 
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In Examples 6 to 10 shown in Table II was determined by means of the IGT Print- 5 

coating colors were prepared using kaolin clay ability Tester. Example 10 shows the results 

pigment, polyvinyl alcohol ("PVA'') and modi- obtained with a coating color which does not 

fier as mHiV-gnprf. The coating color patterning contain a modifier. 



Table II 



Example 
No. 


Amount of PVA a 
(Parts/100 Parts 
of Clay) 


Modifier 


Percent 
Solids 


Pattern 


Type 


Amount (Parts/ 100 
Parts of Clay) 


6 


3.0 


HEO> 


0.5 


52 


very slight 


7 


3.0 


MC C 


0.5 


52 


very slight 


8 


3.0 


SAP* 


1.0 


50 


very slight 


9 


3.0 


SA* 


0.5 


52 


very slight 


10 


3.0 


none 




55 


heavy ridges 



a Specified viscosity of 55—65 cp., 99—100% hydrolysis and pH of 6—8. 

b Hydroxyethylcellulose, having a viscosity of 1,500 — 2,000 cp. in a 1% solution determined 
by the Hoeppler falling ball method. 

c Methylcellulose, having a viscosity of 3,000 — 5,600 cp. in a 2% solution at 20° C. determined 
by the method of ASTM D 1347—56. 

d Sodium acrylate polymer having a viscosity of 12,000 — 21,000 cp. in a 20% solution using a 
No. 4 spindle at 12 R.P.M. 

e Sodium alginate having a viscosity of about 50 cp. in a 1% solution using a No. 3 spindle at 
60 R.P.M. 

10 Examples 11 to 14 shown in Table III colors which do not contain a modifier. These 
illustrate the performance of coating colors of coating colors were applied by the IGT 15 
this invention based on pigments other than Printability Tester, 
clay, compared with corresponding coating 

Table III 



Example 
No. 


Type of 
Pigment 


Amount of PVA a 
(Parts/100 Parts 
of Pigment) 


Amount of CMC b 
(Parts/ 100 Parts 
of. Pigment) 


Percent 
Solids 


Pattern 


11 


Ti0 2 


2.6 


0.9 


50 


very slight 


12 


TiOo 


3.5 


none 


50 


severe 


13 


CaC0 3 


2.6 


0.9 


50 


very slight 


14 


CaCO a 


3.5 


none 


50 


severe 



a Specified viscosity of 55 — 65 cp., 99 — 100% hydrolysis, and pH of 6 — 8. 

b Specified degree of substitution of 0.65—0.85 and viscosity of 1300—2200 cp. in a 1% 
solution using a No. 3 spindle at 30 R.P.M. 
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The compositions of this invention not only 
produce outstanding papercoatings, but also 
are superior paper adhesives which may be 
formulated at a high solids content (i.e. above 
5 35%) to thereby eliminate the laminate warp- 
ing and curling problem mentioned herein- 
before. 

When the compositions of this invention are 
used as adhesives, the composition should con- 
10 tain 3 — 15 parts by weight of polyvinyl alcohol 
per 100 parts by weight of clay. A composition 
containing less than 3 parts of polyvinyl alcohol 
per 100 parts clay does not form a strong 
enough bond between paper substrates for 
15 some purposes and therefore may not always 
be useful as a paper adhesive. Use of more 
than 15 parts of polyvinyl alcohol per 1QO 
parts of clay gives a composition viscosity that 
is too high for formulation at the required 
20 high solids content. The most satisfactory of 
these adhesives contain 5—12 parts by weight 
of clay. Any grade of polyvinyl alcohol may 
be used provided that it is water-soluble. 
Any of the modifiers mentioned hereinbefore 
25 as suitable for use in the coating colors of 
this invention may also be used in the 
adhesives. The ratio of polyvinyl alcohol to 
modifier is not critical but the ratio of modi- 
fier to clay is somewhat critical. At least about 
30 0.1 parts by weight of modifier per 100 parts 
of clay is required- If less than about 0.1 parts 
of modifier is used per 100 parts of clay the 
composition does not possess tack and will not 
form a bond. Compositions containing more 
35 than 4 parts of modifier per 100 parts of clay 
are too viscous in water solution to be formu- 
lated at the required solids content. It is gener- 
ally preferred to use about 0.2 — 3 parts per 
100 parts of clay. Sodium carboxymethyl- 
40 cellulose is the preferred modifier for these 
adhesives, but hydroxyethylcellulosc, methyl- 
cellulose, sodium polyacrylate, or sodium algi- 
nate may also be used. The grade of modifier 
used must be water-soluble. 
45 While any of the papercoating pigments may 
be used in the compositions intended for use 
as adhesives, because of economic considera- 
tions, clay is the most practical material avail- 
able. 

50 These adhesive compositions may be pre- 
pared by any convenient method. It is pre- 
ferred to prepare these adhesives by the pro- 
cedure outlined above for the preparation of 
coating colors. 

55 ^ When these adhesives are used in laminat- 
ing operations such as making fiberboard, they 
should be formulated in a 35 — 50% solids 
content water solution to prevent curling or 
warping of the laminated article upon drying. 

60 While these adhesives are particularly advan- 
tageous for use in making laminated articles, 
they may be used for other adhesive applica- 
tions. Where warping or curling of the sub- 
strate is not a problem, the liquid adhesive 



may be formulated at any solids content 65 
desired. 

The following example illustrates a pre- 
ferred way in which the compositions of this 
invention may be used as adhesives. In 
Example 15 (and also Example 16 which 70 
follows) the materials used were: (1) kaolin 
clay, (2) a commercial grade of polyvinyl 
alcohol ("PVA") having a specified viscosity 
of 55—65 cp. in a 4% water solution at 20°C 
determined by the Hoeppler falling ball 75 
method, 99%— 100% hydrolysis and a pH of 
6 — 8, and (3) a commercial grade of sodium 
carboxymethyicelhilose having a specified 
degree of substitution of 0.65 — 0.85 and a 
viscosity of 300 — 600 cp. in a 2% solution at 80 
25°C determined by a Brookfield Viscosimeter 
using a No. 2 spindle at 30 R.PJVL 
Example 15 
An adhesive composition was formulated by 
the method indicated above which contained: 85 
100 parts by weight of clay 
1.6 parts CMC 
8 pans PVA 

0.35 parts tetrasodium pyrophosphate 
140 parts water. 90 
This adhesive was formulated in a 44% 
solids content water solution, and was used to 
laminate paper to form a solid fiberboard on 
a commercial pasting machine. The laminated 
fiberboard did not curl or warp when the ad- 95 
hesive dried. The adhesive strength of this 
compositon was evaluated and the following 
results were noted: (1) there was complete 
fiber tear (i.e. no adhesive failure) when the 
fiberboard was delaminated by pulling apart 100 
the substrates, (2) there was no ply separation 
when the fiberboard was soaked for over 24 
hours in water, and (3) there was complete 
fiber tear when delaminated after the soaked 
fiberboard was dried. 105 

The following example illustrates the neces- 
sity of incorporation of one of the aforemen- 
tioned modifiers into these adhesives: 
Example 16 
A composition was prepared by the same 110 
manner used in Example 15, which contained: 
100 parts by weight of clay 
8 parts PVA 

0.35 parts tetrasodium pyrophosphate 
139 parts water 115 
This composition which did not contain a 
modifier was formulated in a 44% solids con- 
tent water solution. It was attempted to use 
this composition to form a fiberboard by the 
method used in Example 15, however, this 120 
composition lacked tack and an adhesive bond 
could not be formed. 

Example 17 
Example 15 was repeated using four differ- 
ent adhesive compositions wherein hydroxye- 125 
thyicellulose, methylcellulose, sodium poly- 
acrylate and sodium alginate, respectively, were 
substituted for the sodium carboxymethyl- 
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cellulose used in the adhesive of Example 15, 
the component proportions being die same- as 
shown therein. Similar results to those dis- 
cussed in Example 15 were obtained. 
5 WHAT WE CLAIM IS : — 

1. A composition suitable for use as a paper 
coating -or adhesive comprising 100 parts by 
weight of pigment, from 1 to 15 parts by 
weight of water-soluble polyvinyl alcohol and 

10 from 0.1 to 4 parts by weight of 
sodium cafboxymethylcellulose, hydroxyethyl- 
cellulose, methyicellulose, sodium polyacrylate 
or sodium alginate, as a water-soluble modifier. 

2. An adhesive composition comprising 100 
15 parts by weight of pigment from 3 to 15 parts 

by weight of water-soluble polyvinyl alcohol 
and from 0.1 to 4 parts by weight of sodium 
methyicellulose, sodium polyacrylate or sodium 
alginate as a water-soluble modifier. 
20 3. An adhesive composition as claimed in 
claim 2 in which there is present from 5 to 
12 parts by weight of water-soluble polyvinyl 
alcohol per 100 parts by weight of pigment. 

4. An adhesive composition comprising an 
25 aqueous solution and dispersion of the com- 
position as claimed in claim 2 or claim 3 in 
which the solids content is from 35 to 50% 
by weight. 

5. A paper coating composition comprising 
30 100 parts by weight of pigment from 1 to 

12 parts by weight of water-soluble polyvinyl 
alcohol and from 0.1 to 4 parts by weight of 
sodium carboxymethylcellulose, hydroxy- 
ethylcellulose, methyicellulose, sodium poly- 
35 acrylate or sodium alginate as a water-soluble 
modifier. 

6. A paper coating composition as claimed 
in claim 5 in which there is present from 2 
to 8 parts by weight of water-soluble polyvinyl 

40 alcohol per 100 parts by weight of pigment. 

7. A paper coating composition comprising 
an aqueous solution and dispersion of the com- 
position as claimed in claim 5 or claim 6 in 
which the solids content is from about 40 to 

45 about 50% by weight. 

8. A composition as claimed in any Of the 
preceding claims in which there is present 
from 0.2 to 3 parts by weight of a water- 
soluble modifier, as defined in claim 1, per 

50 100 parts by weight of pigment. 

9. A composition as claimed in any of the 
preceding claims in which the pigment is clay, 
titanium dioxide or calcium carbonate, 

10. A paper coating composition as claimed 
55 in any of claims 5 to 9 in which there is also 

present a wax emulsion, a tinting pigment or 
a dye, 

1 1. A paper coating composition as claimed 
in any of claims 5 to 10 in which there is 

60 also present a plasticizer. 

12. A composition as claimed in claim 11 
in which the plasticizer comprises a stearate. 

13. A composition as claimed in claim 12 



in which the stearate is calcium or ammonium 
stearate, 65 

14. A paper coating composition as claimed 
in any of claims 5 to 13 in which there is 
also present an insolubilizer for the polyvinyl 
alcohol and the water-soluble modifier. 

15. A composition as claimed in claim 14 70 
in which the insolubilizer is a triazone resin. 

16. A composition as claimed in any of the 
preceding claims in which there is also pre- 
sent a dispersing agent. 

17. A composition as claimed in Claim 14 75 
in which the dispersing agent is tetrasodium 
pyrophosphate or sodium hexametaphosphate. 

18. A composition as claimed in any of the 
preceding claims wherein the polyvinyl alcohol 
used has a viscosity of from about 20 to about so 
65 centipoises. 

19. A composition as claimed in any of the 
preceding claims wherein sodium carboxy- 
methylcellulose having a degree otf substitution 

of about from 0.65 to 0.85 is used as the 85 
water soluble modifier. 

20. A composition as claimed in claim 1 
substantially as herein described with reference 
to any of the foregoing examples. 

21. An adhesive composition as claimed in 90 
claim 2 substantially as herein described. 

22. A paper coating composition as claimed 
in claim 5 substantially as herein described. 

23. An article comprising a paper substrate 
having a coating thereon which comprises a 95 
paper coating composition as claimed in any 

of the preceding claims. 

24. A laminated article comprising at least 
two paper substrates adhered together by an 
adhesive composition as claimed in any of the 100 
preceding claims. 

25. A process for the production of an 
aqueous solution and dispersion of a composi- 
tion as claimed in claim 1 which comprises 
adding polyvinyl alcohol and a water-soluble 105 
modifier therefore (as hereinbefore defined) to 

an aqueous dispersion of a pigment and heat- 
ing to dissolve the polyvinyl alcohoL 

26. A process as claimed dn claim 25 in 
which the polyvinyl alcohol and water-soluble no 
modifier are added to the aqueous dispersion 
dry. 

27. A process as claimed in claim 25 in 
which the polyvinyl alcohol and water-soluble 
modifier are added to the aqueous dispersion 115 
in aqueous solution. 

28. A process as claimed in any of claims 
25 to 27 in which the aqueous dispersion of 
the pigment is formed by adding the pigment 
and a dispersing agent to water and subse- 120 
quently agitating the mixture so formed to 
disperse the pigment. 

29. A process as claimed in any of claims 
25 to 27 in which the polyvinyl alcohol is 
dissolved by heating at a temperature of from 125 
190°F to 212°R 
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30. A process as claimed in any of claims 
25 to 29 in which the polyvinyl alcohol is 
dissolved by heating using live steam. 

31. A process as claimed in claim 25 sub- 
stantially as herein described 
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